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THERAPEUTICALLY USEFUL HETEROCYCLIC INDOLE COMPOUNDS 
BACKGROUND OF THE INVENTION 
The present invention is related to new heterocyclic compounds containing both 
an indole and a 1,4-dioxan portion, processes for preparing such compounds, 
5 pharmaceutical preparation of such compounds and the use of such compounds in 
manufacture of a pharmaceutical preparation. 

Psychiatric diseases are thought to be due to dysfunctions in monoaminergic 
neuronal systems, particularly those involving serotonin (5-HT) and dopamine (DA). 
Anxiety is associated with increased activity in 5-HT systems. In animals where 
10 5-HT has been depleted, benzodiazepine anxiolytics are not active in anti-anxiety assays 
that they otherwise are effective in. Seronotin neurons have autoreceptors that, when 
activated by agonists, depress firing rates of 5-HT cells. These receptors are of the 5- 
HT1A subtype. Because they depress 5-HT neuronal activity, it can be expected that 5- 
HT1A agonists will be anxiolytic. 
15 Depression is a psychiatric condition thought to be associated with decreased 5- 

HT release. Most anti-depressants potentiate the effects of 5-HT by blocking the 
termination of activity through reuptake into nerve terminals. Since some 5-HT 1 A 
receptors are activated postsynaptically by 5-HT, 5HT1A agonists may also be anti- 
depressants. Since the postsynaptic 5-HT1A receptor may be less sensitive than the 
20 autoreceptor, high doses of 5-HT1A agonists, particularly very effective ones (i.e. , those 
causing greater stimulation of the 5-HT1A receptor, a parameter referred to as "ef- 
ficacy"), can be expected to be effective anti-depressants. 

5-HT1A agonists are known to depress sympathetic nerve discharge and thus 
lower blood pressure. Thus, they may be useful in treating hypertension, congestive 
25 heart failure (by reducing cardiovascular afterload) and heart attack (be removing 
sympathetic drive to the heart). 5-HT1A agonists may also be useful in treating 
overeating and sexual dysfunction. These compounds have been shown to alter feeding 
and sexual behavior in animals. 

Schizophrenia is thought to be due to hyperactivity in DA systems. Thus, 
30 currently available antipsychotics are DA antagonists. Dopamine autoreceptors depress 
DA neuron firing rates, DA synthesis and release. Thus DA autoreceptor agonists can 
also be expected to be antipsychotics. DA agonists are also useful for treating 
Parkinsonism, a disease caused by degeneration of DA neurons, and hyperprolactinemia, 
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since DA agonists depress prolactin release. 

Dopamine autoreceptor antagonists are a new class of drug that increase release 
of DA by releasing the DA neuron from autoreceptor control. Thus, these drugs can be 
expected to be useful in conditions treatable with amphetamine and other similar 
5 stimulants which directly release DA. However, DA autoreceptor agonists will be much 
milder stimulants because, rather than directly releasing DA, they simply increase the 
release associated with fee normal DA activity by releasing the cell from autoreceptor 
control. Thus, DA autoreceptor antagonists can be expected to be useful in treating 
overeating, attention deficit disorders, psychiatric, cognitive and motor retardation in 
10 demented and elderly patients, and in treating nausea and dizziness with space travel. 

The compounds of the present invention have a variety of effects at 5-HT1A and 
DA receptors, and offer a variety of utilities associated with those activities. 

Clinically, 5-HT1A agonists have also demonstrated anxiolytic properties; These 
compounds antagonize dopamine receptors at the same dose they stimulate 5-HT1A 
15 receptors. 

The search for new CNS active compounds is focused on finding compounds with 
selective 5-HT1A receptor agonist effects without detrimentally influencing central 
dopamine receptors. 

Drugs acting on central dopamine transmission are clinically effective in treating 
20 a variety of central nervous system disorders such as parkinsonism, schizophrenia, and 
mano-depressive illness. In parkinsonism, for example, the nigro-neostriatal hypofunc- 
tion can be restored by an increase in postsynaptic dopamine receptor stimulation. In 
schizophrenia, the condition can be normalized by achieving a decrease in postsynaptic 
dopamine receptor stimulation. Classical anti-psychotic agents directly block the 
25 postsynaptic dopamine receptor. The same effect can be achieved by inhibition of in- 
traneuronal presynaptic events essential for the maintenance of adequate neuro- 
transmission, transport mechanism and transmitter synthesis. » 

In recent years a large body of pharmacological, biochemical and electrqphysical 
evidence has provided considerable support in favor of the existence of a specific 
30 population of central autoregulatory dopamine receptors located in the dopaminergic 
neuron itself. These receptors are part of a homeostatic mechanism that modulates nerve 
impulse flow and transmitter synthesis and regulates the amount of dopamine released 
from the nerve endings. 
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Direct dopamine receptor agonists, like apomorphine, are able to activate the 
dopamine autoreceptors as well as the post synaptic dopamine receptors. The effects of 
autoreceptor stimulation appear to predominate when apomorphine is administered at low 
doses, whereas at higher doses the attenuation of dopamine transmission is outweighed 
5 by the enhancement of postsynaptic receptor stimulation. The anti-psychotic and anti- 
dyskinetic effects in man of low doses of apomorphine are likely due to the autoreceptor- 
stimulator properties of this dopamine receptor agonist This body of knowledge 
indicates dopamine receptor stimulants with a high selectivity for central nervous dop- 
amine autoreceptors would be valuable in treating psychiatric disorders. 
10 INFORMATION DTSCT.OSTT RE STATPMKf^T 

A tricyclic benzoquinoline compound has been described in EP 109 039 A by 
Yoshitomi Pharmaceutical Ind. KK which alleges antihypertensive activity. 

A tricyclic indole containing compound is described in Chemical Abstract (CA 
106(23): 196345 entitled "Synthesis and pharmacological activity of 5,6- and 4,5- 
15 emylendioxytryptamines; however, the structure lacks substitution on die dioxan ring and 
includes additional substitution on the indole. 

U.S. Patent 4,510,157 describes another tricyclic structure containing an indole 
ring useful as dodpamine receptors, however, not with the same structural orientation. 
Other heterocyclic dopamine receptors or alleged antidepressants having 
20 differently fused rings or structural arrangement are reported in EP 153 083 A by Hi 
Lilly & Co.; EP 23 761 by Smith Kline Corp; and a group of published applications by 
Marion Labs BE 827282-287. 

SUMMARY OF THE INVF.NTTON 
The present invention is directed toward therapeutically useful compounds having the 
25 structural Formula I, as shown on the formula sheets below, or pharmaceutical^ 
acceptable salts thereof. Wherein, R, is hydrogen, CpQ alkyl, QrC, alkenyl, Q-C, 
alkynyl, -COjR 2 , -CONHR 2 , -CN, halogen, -CHO, -(CHJ.-OR,, -(CH^-Ar, or 
-SOA; 

R 2 is hydrogen, Q-Q alkyl, Cj-C, alkenyl, Cj-C, alkynyl, -<CH 2 X 1 (C r C g ) 
30 cycloalkyl or cycloalkenyl, or -(CHJ.-Ar 

where Ar is phenyl, pyridyl, naphthyl, indolyl optionally substituted with one or 
more of the following: 

-OR 2 , halogen, -CN, -CHO, -(CH^-Ph, -NO* -SR 2 or NHR 2 and m is 0 to 6; 
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A and B are independently oxygen, CH 2 or sulfur; 
X is a) -CHjCCH^-NCR^j, 



b) -CHjCCH^-N \/ where R 3 is hydrogen, -COjR,, 
^ ' R< 

0 

-CONHRj, -CN, -NHR 2 , -CHO, -(CH^-Ar, -NR 2 Ar or -NN , 

M 



10 R, is hydrogen, C r Qj alkyl, Cj-Cg alkenyl, CVCg aikynyl, -(CH^-CQ-Cg) 

cycloalkyl or cycloalkenyl, -(GH^-Ar, -CO^R 2 > 
-CONHR 2 , -CN or -CHO, or 



«> ' OT 2(CH 2 ) a . I QQ /R2 



15 ^-/^ 

Ar 

In another aspect the invention is directed toward a method for treating central 
nervous system and cardiovascular system disorders related to 5-HT1A neuronal activity 
or dopamine receptor activity comprising the administration of a therapeutically effective 
20 amount of a compound of Formula I or a pharmaceutical^ acceptable salt thereof. A 
typical dosage is from about 1-2000 mg orally or from about 0.1 to about 100 mg 
paienterally. 

VEEmm EESCBBIgaiflE WPNTT9>r 
The present invention is directed toward pharmaceutical compounds as 

25 represented by structural Formula I (shown on Formula Sheet) or pharmaceutical^ 
acceptable salts thereof. These compounds exhibit 5-HT1A binding and dopamine 
receptor binding activity and therefore are useful in the therapeutic treatment of 
cardiovascular system and central nervous system disorders which are related to 5-HT1A 
and/or dopamine pathways. 

30 In the definition of Formula I, the parenthetical term (Q-CJ is inclusive such 

that a compound of (Q-Cg) would include compounds of one to eight caibons and their 
isomeric forms. The various carbon moieties are defined as follows: Q-Q alkyl refers 
to an aliphatic hydrocarbon chain and includes branched or unbranched forms such as 
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methyl, ethyl, n-prqpyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, 
isopentyl, neo-pentyl, n-hexyl, and isohexyl. 

Ci-Cg alkenyl refers to an aliphatic unsaturated hydrocarbons having a double 
bond and includes both branched and unbranched forms such as ethenyl, 1 -methyl- 1- 
5 ethenyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-methyl- 1-butenyl, 1- 
pentenyl, aUyl, 3-pentenyl, 4-pentenyl, l-methyl-4-pentenyl, 3-methyl-l-pentenyl, 3- 
methyl-allyl, J-hexenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, l-methyl-4-hexenyl, 3-methyl- 
1-hexenyl, 3-methyl-2-hexenyl, 1-heptenyl, 2-heptenyl, 3-heptenyl, 4-heptenyl, 1-methyl- 
4-heptenyl, 3-methyl-l-heptenyl, 3-methyl-2-heptenyl, 1-octenyl, 2-octenyl, or3-octenyl. 
10 Cj-Cs alkynyl refers to an aliphatic unsaturated hydrocarbon having a triple bond and 
includes both branched and unbranched forms. Q-C, cycloalkyl refers to a saturated 
cyclic hydrocarbon such as cyclopippyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclo- 
heptyl, or cyclooctyl. 

Cs-Cg cycloalkenyl refers to an unsaturated cyclic hydrocarbon having a double 

15 bond. 

Halogen is meant to include fluorine, chlorine, bromine and iodine. 

At is meant to be phenyl, pyridyl, naphthyl and indole optionally substituted with 
one or more of OR 2 , halogen, -CN, -CHO, -(CH^-Ph, -NGj, -SR* or NHR 2 and m is 
0 to 6; 

20 Formula I may contain a saturated or unsaturated bond at the Q-C* position 

which is represented by a solid and dotted line. 

It will be apparent to those skilled in the art that compounds of this invention may 
contain chiral centers. The scope of this invention includes all enantiomeric or dia- 
steieomeric forms of Formula I compounds either in pure form or as mixtures of 

25 enantiomers or diastereomers. The therapeutic properties of the compounds may to a 
greater or lesser degree depend on the stereochemistry of a particular compound. Pure 
enantiomers as well as enantiomeric or diastereomeric mixtures are within the scope of 
the invention. 

The compounds depicted in the Examples and Formula I Structure Sheets show 
30 A and B to be oxygen. Contemplated equivalents for oxygen are sulfur and CH*. 

Both organic and inorganic acids or bases can be employed to form non-toxic 
pharmaceutical^ acceptable salts of the compounds of this invention. Illustrative acids 
are sulfuric, nitric, phosphoric, hydrochloric, citric, acetic, lactic, tartaric, palmoic, 
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ethanedisulfonic, sulfamic, succinic, cyclohexylsulfamic, fumaric, maleic, and benzoic 
acid. Illustrative bases are sodium hydroxide, lithium hydroxide, and triethylamine. 
These salts are readily prepared by methods known in the art. 

The compounds of this invention may be obtained by one of the following 
5 methods described below and outlined in the appropriate charts. 

In clinical practice the compounds of the present invention will normally be 
administered in a therapeutically effective amount which is an amount sufficient to treat 
or cause observable modification of the cardiovascular or central nervous system disorder 
being treated. The compounds of Formula I can be administered orally, rectally, or by 
10 injection, in the form of pharmaceutical preparations comprising the active ingredient 
either as a free base or as a pharmaceutical^ acceptable non-toxic add addition salt, 
such as the hydrochloride, lactate, acetate, sulfemate salt, in association with a 
pharmaceutical^ acceptable carrier. The use and administration to a patient to be treated 
in the clinic would be readily apparent to a person of ordinary skill in the art. 
IS In therapeutical treatment the suitable daily doses of the compounds of the 

invention are 1-2000 mg for oral application, preferentially 50-500 mg, and 0.1-100 mg 
for parenteral application, preferentially 0.5-50 mg. 

Due to the influence of 5-HT1A receptor agonists on sympathetic nerve 
discharge, these compounds would be useful for treating hypertension, congestive heart 
20 failure, heart attack, and other disorders of the cardiovascular system. 

The biological activity of these compounds indicates that they may be effective 
anxiolytic and anti-depressant agents. Other uses for these compounds include panic 
attacks, obsessive-compulsive disturbances, and senile dementia. In addition, central 5- 
HT receptor activation is believed to be involved in mediating sexual behavior. These 
25 compounds would be useful to stimulate sexual activity and to alleviate impotence. 

The compounds of this invention are useful in the treatment of central nervous 
system disorders and cardiovascular system disorders as shown in physiological and 
biochemical tests. The methods are given as follows: 

Binding: Inhibition of 3H-8-OH-DPAT binding in a bovine brain homogenate. 
30 Potency is given as nanomole (nM) dose required to inhibit 50% of DPAT binding 
(IC50). This test measures ability to bind to 5-hydroxytryptamine (HT1A) receptor. 

For Dopamine (Dj): Inhibition of 3H-raclopride binding in rat striata homogenate. 
Potency is given as run dose required to inhibit 50% of 3H-raclopride binding (IQq). 
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This test measures the ability to bind to dopamine D2 receptors. 

Hypothermia: Starting with a dose f 30 mg/kg, four mice are injected 
subcutaneously with test compound- Twenty minutes later, the number of animals whose 
body temperature has decreased by 2°C. or more are counted. If all four animals reach 
5 criteria, the drug is considered "active", and subsequent readings are taken at 60 and 120 
minutes after drug. The time for last statistically significant drug affect on mean body 
temperature is indicated in minutes. For all "active" compounds, doses are lowered by 
0.5 log intervals until a dose which does not lower body temperature by 2°C. in any 
animal is found. Potency is given as mg/kg ED50 (dose required to depress temperature 
10 in two of four mice) as measured by Spearraan-Karber statistics. 

Biological binding and hypothermia data are shown in Table 1. 
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TABLEI 








BIOLOGICAL DATA 




5 


Compound 


5HT W Binding 
ICjo (nM) 


Hypothermia 
ED» (mg/kg) 


Dopamine 
D2-Receptor Binding 
IC50 (nM) 




XIa 


0.47 


30.0 






a* 


29.20 




1 on 




a" 


2.00 


17.3 




10 


Xlb 


36.30 


17.3 






b' 


24.70 


30.0 


ko on 




XIc 


0.29 








Xld 


0.17 


0.01 






Xle 


13.50 






15 


Xlf 

xig 


8.40 
3.70 


17.3 


1QQ *7n 
/U 




Xlh 


9.60 


>30.0* 146.70 




xn 


79.30 








Xlj* 


4.00 


1.3 


54.60 


20 


XDc* 


26.00 


>30.0 


349.90 




xn 


2.30 








Xlm 


1.00 




0.13 




XIn 


267.90 








XIo 


279.90 




97.30 


25 


XIp 


11.00 







a'position isomer of XIa 

a" is the indoline derivative where Cy-C $ bond is saturated 
b* is the sodium salt of Xlb 
30 * hydrochloride salt form 
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Example 1: Preparation of 2,3-dmydro-2-((4-oxo-l-ph 

8-yI)methyI)-7H-l,4^oxino(2,3-e)indol-8-iiiethylester, XIa 
The synthesis of Compound XI is represented in Chart I and is described below. 

Step 1 

5 Sodium hydride (50% oil dispersion - 5.28 g, 0.11 raol) was washed with hexane 

(3 x 20 mL) and dried under a stream of nitrogen. Dry dimethylsulfoxide (65mL) was 
added to the reaction flask and the resulting suspension was cooled to 0 C under a 
nitrogen atmosphere. To this suspension was added a solution of 2,3-dihydroxybenz- 
aldehyde (13.81 g, 0.10 mol) in dimethylsulfoxide (35 mL + 10 mL rinse) in a slow 
10 stream via syringe. The external cooling was removed, and after stirring 1 hour at room 
temperature the near-black reaction mixture was treated with benzyl bromide (23.8 mL, 
0.20 mol). The reaction gradually lightened in color and completely solidified in less 
than 1 hour. After one hour, the resulting material was physically broken-up and 
partitioned between ethyl acetate (2000 mL) and a 1:1 mixture of brine and water (500 
15 mL total aqueous volume). The organic layer was washed with additional 50% brine (2 
x 500 mL) and dried over anhydrous magnesium sulfate. After filtration and 
concentration in vacw , the residue was chromatographed on 400 g of 230-400 mesh 
silica gel using 15-20% ethyl acetate/hexane to give 13.6 g of compound n. 
Recrystallization from ethyl acetate/hexane gave an iridescent, ivory-colored solid: Rf 
20 0.44 (40% ethyl acetate/hexane); 1H NMR (300 MHz, CDC13) 10.15 (s, 1 H, CHO), 
7.5-7.1 (m, 8 H, aromatic H's), 6.05 (broad s, 1 H, O-H), 5.08 (s, 2 H, 0-CH2); 13C 
NMR (75.5 MHz, CDQ3) 189.9, 149.8, 147.9, 135.8, 129.6, 129.1, 129.0, 128.7, 
125.2, 122.1, 121.5, 78.5. 
Step 2 

25 A solution of H (26.78 g, 0. 117 mol) in absolute ethanol (120 mL) was treated 

with 1.0 H aqueous sodium hydroxide (117 mL, 0.117 mol) and briefly heated to reflux 
under nitrogen (ca. 5 min). The black solution was cooled to room temperature and 
epichlorohydrin (92.6 mL, 1.16 mol) was added in a single portion. The solution was 
again brought to reflux using a preheated oil bath (110 C) and maintained at that 

30 temperature for an additional 30 minutes. After cooling to room temperature, the 
ethanol was removed in vacuo, and the aqueous residue was diluted with water (650 mL) 
and extracted with ethyl acetate (3 x 350 mL). The combined organic layers were 
washed once with saturated aqueous sodium chloride (150 mL) and dried over anhydrous 
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magnesium sulfate. After filtration and concentration in vacuo , the residue was passed 
through a short column of silica gel using 40% ethyl acetate/hexane to remove polar, 
yellow material. The resulting product was dissolved in hot ether and cooled at 0 C over 
the weekend to give 26. 12 g (78%) of compound m as a white solid, mp 62-63 C. The 
5 mother liquor (9.55 g of a yellow oil) was chromatographed on 600 g of 230-400 mesh 
silica gel using 20% ethyl acetate/hexane to give 5.93 g (18%) of additional IDE (total 
yield 96 %): Rf 0. 15 (20% ethyl acetate/hexane). 
Step 3 

A mixture of HI (14.22 g, 50 mmol), cyclohexene (20.3 mL, 0.2 mol), and 10% 
10 palladium on carbon (1.40 g) in ethyl acetate (500 mL) was heated to reflux under 
nitrogen for 21 hour. After cooling to room temperature, the mixture was filtered 
through a pad of Celite, washing the filter cake well with ethyl acetate (220 mL). The 
filtrate was concentrated in vacuo , attempting to minimize exposure to air. The resulting 
residue was composed of a mixture of IV and V and was carried on directly to the final 
15 step. 
Step 4 

The unpurified product from the previous reaction was dissolved in ethanol (200 
mL) and treated with triethylamine (14 mL, 0.10 mol) and water (200 mL). The 
solution was refluxed under nitrogen for 1 hour. After cooling to room temperature, the 

20 reaction mixture was directly concentrated in vacuo at 40 C on the rotary evaporator. 
The resulting yellow residue was chromatographed on 500 g of 230-400 mesh silica gel 
with 40% ethyl acetate/hexane to give 7.77 g (80%) of V as an off-white solid. 
Recrystallization from ethyl acetate/hexane provided the analytical sample, mp 70-71.5 
C: Rf 0.15 (40% ethyl acetate/hexane). 

25 Step5 

4-Dimethylaminopyridine (0.79 g, 6.50 mmol) was added in a single portion to 
a solution of V (971 mg, 5.00 mmol) and tert-butyldimethylsilyl chloride (0.90 g, 6.00 
mmol) in dry dichloromethane (10 mL) at 0°C under nitrogen. The cooling bath was 
removed and the solution was allowed to stir overnight at room temperature. The 
30 mixture, containing a white precipitate, was diluted with dichloromethane (100 mL), 
washed with water (50 mL) and saturated aqueous ammonium chloride (50 mL), then 
dried over anhydrous sodium sulfate. After filtration and concentration in vacuo, the 
resulting residue was chromatographed on 50 g of 230-400 mesh silica gel using 5% 
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ethyl acetate/hexane to give 1.30 g (84%) of Vf as a colorless syrup which solidified on 
refrigeration, mp 32-33°C: R, 0.26 (5% ethyl acetate/hexane). 
Step 6 

A solution of sodium methoxide in methanol (25 wt% - 19. 1 mL, 83 mmol) was 
5 added fast dropwise over 5 minutes to a solution of VI (3.21 g, 10.4 mmol) and methyl 
azidoacetate (11.97 g, 104 mmol) in dry methanol (25 mL) at -22°C (carbon tetrachlo- 
ride/dry-ice) under nitrogen. The temperature was raised to -5°C (mechanical cooling 
unit) and stirring was continued. After 30 minutes, additional methanol (10 mL - 
precooled) was added to thin the mixture, which had become quite thick and was 
10 foaming badly. After stirring overnight at -5°C, the dark reaction mixture was poured 
into ice-cold saturated aqueous ammonium chloride (1 10 mL) and extracted with ice-cold 
ethyl acetate (3 x 110 mL - it was necessary to wait out some difficult emulsions). The 
combined organic fractions were washed with ice-cold brine (1 x 55 mL) and dried over 
anhydrous sodium sulfate. After filtration and concentration in vacuo, the resulting 
15 residue (minus 8% removed for exploratory work) was adsorbed onto 15 g of 230-400 
mesh silica gel (from a dichloromethane solution), then chromatographed on 300 g of 
230-400 mesh silica gel using 2,5% ethyl acetate/hexane to give 2.81 g (72%) of VII 
as a yellow oil. The material solidified below room temperture; at room temperature the 
material was a semi-solid: R, 0.25 (5% ethyl acetate/hexane). A solution of VII (16.5 
20 g, 40.7 mmol) in o-xylene was refluxed (oil bath preheated to 180°Q under nitrogen for 
1.5 hours. The solvent was removed in vacuo at 60°C to give a yellow solid residue 
which was recrystallized from hexane (aprox. 200 mL) to give 11.6 g (75%) of Vm as 
fine, white needles, mp 141.5-142.5°C: R, 0.16 (10% ethyl acetate/hexane). 
Step 7 

25 A solution of Vffl (3.78 g, 10.0 mmol) in dry tetrahydrofuran (35 mL) was 

treated with 1 M tetia-n-butylammonium fluoride in tetrahydrofuran (11.0 mL, 11.0 
mmol) at room temperture under nitrogen. After stirring for 1 hour and 20 minutes, the 
cloudy mixture was poured into saturated aqueous ammonium chloride (115 mL) using 
methanol to aid in the transfer process. The organic solvents were removed in vacuo 

30 and the aqeous remainder was further diluted with water then extracted with ethyl acetate 
(3 x 70 mL). The combined organic layers wot washed with brine (25 mL), then dried 
over anhydrous magnesium sulfate. After filtration and concentration, the resulting 
residue was chromatographed on 70 g of 230-400 mesh silica gel using 40% ethyl 
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acetate/hexane until IX began to elute, and then using 75% ethyl acetate/hexane to pick 
up the tailing. Thus was obtained 2.60 g (99%) of IX as a white solid, mp 158-160°C 
(from ethyl acetate/hexane): 0.17 (40% ethyl acetate/hexane). 
Step 8 

5 p-Toluenesulfonyl chloride (660 mg, 3.46 mmol) was added in a single portion 

to a solution of IX (759 mg, 2.88 mmol) and 4-dimethylaminqpyridine (457 mg, 3.74 
mmol) in dry. dichloromethane at 0°C under nitrogen. The cooling bath was removed 
and the solution was stirred overnight at room temperature. The white solid present after 
this time was collected and washed with a minimum amount of dichloromethane to give 
10 960 mg (80%) of the compound X, mp 204-206°C (ethyl acetate/hexane). 
Step 9 

A mixture of X (3.17 g, 7.60 mmol), l-phenyl-l,3,8-triazaspiro[4.5]decan-4-one 
(5.27 g, 22.8 mmol), and powdered potassium carbonate (5.25 g, 38.0 mmol) in dry 
pyridine (75 mL) was heated at 75 °C for 24 h under nitrogen. After cooling to room 
15 temperature, the black mixture was diluted with dichloromethane (1 vol.) and filtered 
through Celite. The black tar residing on top of the filter cake was washed/triturated 
with dichloromethane as well as possible. The residue obtained on concentration of the 
filtrate in vacuo was taken up in a large volume of dichloromethane and chromatid 
graphed on 300 g of 230-400 mesh silica gel using 75% ethyl acetate/hexane (a fair 

20 amount of undissolved XIa may have simply been deposited at the head of the column) 
to give 2.01 g (56%) of XIa as a pale yellow, beige solid. (The yellow coloration was 
easily removed on trituration with most organic solvents) Recrystallization from 
methanol (a large volume of methanol is required, then reduction of the volume by one- 
half until precipitation is evident on the hot plate) gave an off-white solid with vague 

25 melting point: R, 0.18 (75% ethyl acetae/hexane); IR (mull) 3320, 2954, 2924, 2856, 
1714, 1690, 1529, 1259, 1237, 1217 cm 1 ; ! H NMR (300 MHz, DMSOd6) 11.85 
(broad s, 1 H, indole N-H), 8.66 (broad s, 1 H, lactam N-H), 7.25 (t, J = 7.6 Hz, 2 
H, phenyl meta IFs), 7.00 (d, J = 2.0 Hz, 1 H, vinylic H), 6.95 (m, 4 H, phenyl ortho 
H's & aromatic EPs), 4.58 (s, 2 H, N-CH r N), 4.49 (m, 1 H, OCH), 4.36 (m, 1 H, O- 

30 CHja), 4.05 (dd, J = 11.5 Hz, J = 6.7 Hz, 1 H, O-CHjb), 3.85 (s, 3 H, OCHa), 3.0- 
2.5 (m, 8 H, N-CH 2 's & N-C-CH^'s), 1.60 (m, 2 H, N-C-CE^s); l 3C NMR (300 
MHz, DMSOd6) 177.2, 162.4, 144.3, 135.9 (overiap), 134.8, 129.9, 127.5, 119.1, 
118.5, 117.6, 115.1, 106.0, 104.6, 72.5, 67.2, 59.6, 58.8, 58.5, 52.6, 51.4 & 50.5 
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(differentiation of the piperidine-ring carbons alpha to the nitrogen), 29.4; HRMS, m/e 
476.2076 (C26HJ8N405 requires 476.2060); Anal. Calcd for CjoH^O, 0.5 CH 3 OH: 
C, 64.62; H, 6.14; N, 11.38. Found: C, 64.85; H, 5.98; N, 11.27. 
The preparation of Examples 2-6 are structurally represented on Chart H for Compounds 
5 Xlb through Xlf. 

Example 2: Preparation of 7H,4-Dioxino(2,3-e)indole-8-cait)oxyUcacid, 2,3-dihydro- 
2-((4-oxo-l-phenyl-l,3,8-triazaspiro(4.5)dec-8-yl),XIb 
A suspension of XIa as prepared in Example 1 (200 mg, 0.40 ramol) in methanol 
(2 mL) was treated with a solution of lithium hydroxide monohydrate (34 mg, 0.80 
10 mmol) in water (1 mL). The heterogeneous mixture was heated under nitrogen at 60°C 
for 4.5 hours during which time a clear amber solution was gradually obtained. After 
cooling to room temperature, the solution was diluted with water (6 mL) and acidified 
to pH 7 with aqueous 1 N hydrochloric acid. The voluminous white solid which 
precipitated was filtered only with great difficulty - it was subsequently determined that 
15 a more manageable solid results if me methanol is first removed in vacuo. The total 
amount of material was redissolved using aqueous acetone. After concentration in 
vacuo, the residue was triturated with water to extract-out the inorganic salts and the 
resulting off-white solid was filtered and washed with water. Recrystallization of this 
material was not possible and so the product was purified by reprecipitation: a 
20 suspension in water was treated with aqueous 1 N sodium hydroxide until a clear solution 
was obtained (pH 12), then the pH was adjusted to 7 with aqueous 1 N hydrochloric 
acid. The resulting solid was filtered, washed with water, and air-dried on die filter 
funnel for a considerable time before it could be manipulated to give 145 mg (actual 
yield greater than 90%) of Xlb as a beige powder (decomposes at approx. 230°C with 
25 gas evolution): R, 0.20 (100:50:5 chlorofornVmethanoyconcentrated aqueous ammonium 
hydroxide); 'H NMR (300 MHz, DMSO-d6) 11.59 (broad s, 1 H, indole N-H), 8.70 
(broad s, 1 H, CON-H), 7.22 (t, J = 7.7 Hz, 2 H, Ph meta H's), 6.89 (m, 5 H, Ph 
ortho H's & vinyfic H & aromatic H's), 6.73 (t, J - 7.2 Hz, 1 H, Ph para H), 4.59 (s, 
2 H, N-CH r N), 4.55 (m, 1 H, O-CH), 4.36 (broad d, J - 10.3 Hz, 1 H, O-CHja), 
30 4.05 (dd, J = 11.2 Hz, J - 6.7 Hz, 1 H, OCH 2 b), 3.1-2.55 (m, 8 H, N-CH,'s & N-C- 
CH^'s), 1.63 (m, 2 H, N-C-CHjb's); "C NMR (75.5 MHz, DMSO-d6) 176.2, 163.0, 
143.3, 134.8, 133.5, 129.0, 118.3, 117.6, 115.8, 114.2, 105.0, 102.9, 71.3, 66.2, 58.7, 
57.9, 57.5, 50.3, 49.5, 28.2; HRMS (FAB), m/e 463.1987 [C£H,7N(A (M + 1) 
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requires 463.1981]; Anal. Calcd for C£R 2 6t* 4 05 1.25 H 2 0: C, 61.91; H, 5.92; N, 
11.55. Found: C, 61.90; H, 5.88; N, 11.54. 

Example 3 : Preparation of 7H-1 ,4-Dioxino(2,3-e)indole-8-carboxamide, 2,3-dihydro- 
2-((4-oxo- 1 -phenyl-1 ,3 , 8-triazaspiro(4 .5)dec-8-yl)methyl)-, XIc 
5 A suspension of XIa (LOOg, 1.92 mmol) and sodium cyanide (10 mg, 0.20 

mmol) in 16% methanolic ammonia (100 mL) was heated in a pressure tube (Ace #15 
thread) for 5 days at 100°C. The dark homogeneous mixture was cooled and 
concentrated in vacuo. The residue was taken-up in dichloromethane plus the minimum 
amount of methanol and chromatographed on 50 g of 230-400 mesh silica gel using 75% 
10 ethyl acetate/hexane until a small amount of umeacted XIa was recovered, followed by 
2% methanol/ethyl acetate to give a pale-yellow solid. Recrystallization from methanol 
gave 473 mg (53%) of XIc as a white solid; crystallization of the mother liquor from 
ethyl acetate gave an addtional 85 mg of XIc as a beige solid: R, 0.16 (1% metha- 
nol/ethyl acetate); IR (mull) 2953, 2925, 2867, 2855, 1706, 1676, 1599, 1515, 1501, 
15 1373 cnr 1 ; »H NMR (300 MHz, DMSO-d6) 11.41 (broad s, 1 H, indole N-H), 8.66 
(broad s, 1 H, CON-H), 7.91 (broad s, 1 H, NH^a), 7.26 (broad s, 1 H, NHjb), 7.25 
(t, J = 7.4 Hz, 2 H, meta phenyl H's), 7.10 (d, J - 1.7 Hz, 1 H, vinyl H), 6.87 (m, 
3 H, ortho phenyl H*s & aromatic H), 6.76 (m, 2 H, para phenyl H & aromatic H), 
4.58 (s, 2 H, N-CH 2 -N), 4.45 (m, 1 H, O-CH), 4.38 (m, 1 H, 008,3), 4.04 (m, 1 H, 
20 0-CH 2 b), 3.05-2.5 (m, 8 H, N-CH 2 's & N-C-CH^'s), 1.58 (m, 2 H, N-C-OE^b's); *3C 
NMR (75.5 MHz, DMSOd6) 176.2, 162.6, 143.3, 134.9, 134.7, 132.9, 131.3, 129.0, 
118.3, 117.6, 114.8, 114.3, 104.8, 99.6, 71.7, 66.3, 58.6, 57.9, 50.6, 49.6, 28.4; 
HRMS, m/e 461.2074 (C^SH 2 7N 5 0 4 requires 461.2063); AnaL Calcd for Cj5H 2 7N 5 0 4 
0.5 EtOAc: C, 64.15; H, 6.18; N, 13.85. Found: C, 63.84; H, 6.46; N, 13.98. 
25 Example 4: Preparation of 7H-1 ,4-Dioxinc<2,3Hj)indole-8-<aibonitrile, 2,3-dihydro-2- 
((4-oxo-l-phenyl-l,3,8-triazaspiio(4.5)dec^ Xld 
A solution of XIc (61 mg, 0.121 mmol) in dry tetrahydrofuran (4 mL) under 
nitrogen at room temperature was treated with the inner salt of methyl (carboxysulfemo- 
yl)tnethylammonium hydroxide (Burgess reagent) (32 mg, 0.133 mmol). After stirring 
30 1 hour, a second portion of Burgess reagent (32 mg, 0. 133 mmol) was added and stiiring 
was continued for an additional hour. The mixture was concentrated in vacuo and die 
residue was chromatographed on 5 g of 230-400 mesh silica gel using 3.5% metha- 
nol/dichloromethane to give 51 mg (94%) of Xld as a white solid. The material could 
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not be successfully recrystallized, and yielded the most workable solid upon concentra- 
tion in vacuo from its toluene solution: R, 0.35 (5% methanol/dichloromethane) ; IR 
(mull) 2953, 2922, 2867, 2855, 1707, 1519, 1503, 1457, 1373, 1242, & 2221 cm 1 ; »H 
NMR (300 MHz, CDC1 3 ) 9.33 (broad s, 1 H, N-H), 7.24 (m, 3 H, meta phenyl H's 
5 & CON-H), 7.05 (d, J = 1.4 Hz, 1 H, vinylic H), 6.97 (d, J = 8.8 Hz, 1 H, aromatic 
H), 6.86 (m, 4 H, ortho phenyl H's & aromatic H & para phenyl H), 4.74 (s, 2 H, N- 
CH 2 -N), 4.52 (m, 1 H, O-CH), 4.40 (dd, J = 11.4 Hz, J = 2.2 Hz, 1 H, O-CHja), 
4.09 (dd, J = 11.4 Hz, J = 6.8 Hz, 1 H, OCH 2 b), 3.2-2.6 (m, 8 H, N-CH 2 's & N-C- 
CHja's), 1.78 (m, 2 H, N-C-CH 2 b's); »3C NMR (75.5 MHz, CDQj) 177.9, 142.9, 
10 136.2 (possible overlap), 135.3, 133.2 (possible overlap), 129.2, 119.1, 117.9, 115.5, 
114.3. 110.6, 105.5, 104.0, 71.9, 66.9, 59.2, 59.0, 58.3, 50.8, 49.9, 29.1, 29.0; 
HRMS, m/e 443.1964 (C^H^O, requires 443.1957). 

Example 5: Preparation of m-l,4-Dioxmo(2,3^)indole-8-carboxylic acid, 2,3- 
dmydro-2-((4-oxo-l-phenyl-l,3,8-triazasp^ 
15 ester, Xle 

A suspension of XIa (95 mg, 0.200 mmol) and 1,8 -diazabicyclo[5.4.0]undec-7- 
ene (3 mg, 0.020 mmol) in dry 1-butanol (volume varied from 2-8 mL on draining of 
the Soxhlet) was refluxed under nitrogen using a Soxhlet extractor containing 3 A 
molecular sieves (1.8 g) in a cellulose thimble. After 31 h, refluxing was stopped and 
20 the solution was allowed to stand overnight at room temperature. The 1-butanol was 
removed in vacuo and the solid residue was dissolved in dicbioromethane (approx. 15 
mL) and chromatographed on 10 g of 23O400 mesh silica gel using 75% ethyl 
acetate/hexane to give a white solid (105 mg). The solid was recrystallized from ethyl 
acetate to give 79 mg (76%) of Xle as very fine, white needles, mp 203.5 - 204.5°C: 
25 R, 0.21 (75% ethyl acetate/hexane); IR (mull) 3322, 2953, 2926, 2863, 2854, 1717, 
1695, 1253, 1207, 770 carl; 1H NMR (300 MHz, DMSO-d6) 11.79 (broad s, 1 H, 
indole N-H), 8.66 (broad s, 1 H, amide N-H), 7.24 (t, J = 7.3 Hz, 2 H, phenyl meta 
H's), 6.99 (s, 1 H, vinylic H), 6.95-6.75 (m, 4 H, aromatic H's & phenyl ortho H's), 
6.75 (t, J = 7.3 Hz, 1 H, phenyl para H), 4.59 (s, 2 H, N-CHj-N), 4.5-4.35 (m, 2 H, 
30 O-CH & O-CH^), 4.28 (t, J - 6.3 Hz, 2 H, butyl O-CH,), 4.04 (dd, J - 11.0 Hz, J 
= 6.7 Hz, 1 H, OCH 2 b), 3.0-2.5 (m, 8 H, N-CH 2 's & N-C-CHja's), 1.75-1.35 (m, 6 
H, N-C-CHjb's & CH 2 's), 0.94 (t, J = 7.2 Hz, 3 H, CH,); 13C NMR (75.5 MHz, 
DMSOd6) 178.0, 162.9, 145.1, 136.8, 135.6, 130.7, 128.6, 119.9, 119.3, 118.3, 
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115.9, 106.8, 105.3, 73.3, 68.1, 65.7, 60.4, 59.7, 59.4, 52.2, 51.4, 32.1, 30.2, 20.4, 
15.3; HRMS, m/e 518.2542 (C^H^O, requires 518.2529); Anal. Calcd for 
C^H^O,: C, 67.16; H, 6.61; N, 10.80. Found: C, 67.08; H, 6.76; N, 10.83. 
Example 6: Preparation of 7H-l,4-Dioxino(2,3-e)indole-8-carboxylic acid, 2,3- 
5 dihydro-2-((4-oxo-l-phenyl-l,3,8-triazaspiro(4.5)dec-8-yl)methyl)-, 
phenylmethyl ester, Xlf 
A suspension of XIa (95 mg, 0.200 mmol) and 1,8 -<IiazabicycIo[5.4.0]undec-7- 
ene (3 mg, 0.020 mmol) in dry benzyl alcohol (2 mL) and toluene (volume varied from 
1-7 mL on draining of the Soxhlet) was refiuxed under nitrogen overnight using a 

10 Soxhlet extractor containing 3 A molecular sieves (1.8 g) in a cellulose thimble. The 
toluene and the benzyl alcohol were removed in vacuo (the alcohol required Kugelrohr 
distillation at 90°C/0.1 mmHg), and the residue, applied in dichloromethane, was 
chromatographed on 10 g of 230-400 mesh silica gel using 75 % ethyl acetate/hexane to 
give a white solid (105 mg). The solid was recrystallized from acetone to give 68 mg 

15 (61%) of Xlf as very fine, white needles, mp 217-219°C: R f 0.19 (75% ethyl 
acetate/hexane); IR (mull) 3350, 2954, 2924, 2855, 1717, 1710, 1701, 1253, 1212, 
1198 cm 1 ; 'H NMR (300 MHz, DMSO-d6) 11.86 (broad s, 1 H, indole N-H), 8.66 
(broad s, 1 H, amide N-H), 7.5-7.3 (m, 5 H, benzyl Ph H's), 7.23 (t, J = 7.1 Hz, 2 
H, meta phenyl H's), 7.05 (s, 1 H, vinylic H), 6.95-6.8 (m, 4 H, ortho phenyl H's & 

20 aromatic H's), 6.73 (t, J = 7.2 Hz, 1 H, para phenyl H), 5.37 (s, 2 H, Ph-CHj), 4.58 
(s, 2 H, N-CBj-N), 4.47 (m, 1 H, O-CH), 4.37 (m, 1 H, O-CHja), 4.05 (m, 1 H, O 
CHjb), 3.0-2.45 (m, 8 H, N-CH 2 's & N-C-CHja's), 1.57 (m, 2 H, N-C-CHjb's); *3C 
NMR (75.5 MHz, DMSO-d6) 178.0, 162.6, 145.1, 137.9, 136.8, 135.7, 130.7, 130.2, 
129.8, 129.7, 128.3, 120.0, 119.3, 118.5, 115.9, 106.8, 105.8, 73.7, 68.1, 67.4, 60.4, 

25 59.7, 59.4, 52.2, 51.4, 30.2; HRMS, m/e 552.2377 (C£H32N 4 Oj requires 552.2373); 
Anal. Calcd for C^H^NA: C, 69.55; H, 5.84; N, 10.14. Found: C, 69.25; H, 
5.92; N, 10.11. 

Examples 7-1 1 are structurally represented in Chart HI for compounds Xlg-k. 
Example 7: Preparation of 7H-l,4-Dioxino^,3-e)mdole-8-carboxylicacid, 2-((4-(2,3- 
30 dihydio-2-oxcKlH-benzimidazoM^^ 

methyl ester, monohydrochlonde, XJg 
A solution of X (125 mg, 0.300 mmol), 4-(2-keto-l-benzimia^lmyl)-piperidme 
(196 mg, 0.900 mmol), and powdered, anhydrous potassium carbonate (207 mg, 1.50 



Printed from Mimosa 00/1 1/08 07:56:56 Pag 



18 



WO 91/13872 



pcr/u^wooii7 



-17- 

mniol) in dry pyridine (3 mL) was stirred under nitrogen at 75°C for 24 h. After 
cooling to room temperature, the black mixture was diluted with dichloromethane and 
filtered through non-absorbent cotton. The filtrate was concentrated in vacuo, allowing 
a small amount of pyridine to remain. The residue was taken-up in a large volume of 
5 dichloromethane and chromatographed on 9 g of 230-400 mesh silica gel using 100% 
ethyl acetate to give 63 mg (45%) of Xlg as a light-yellow solid: R, 0.15 (100% ethyl 
acetate); 'H NMR (300 MHz, DMSOdfi) 11.87 (broad s, 1 H, amide N-H), 10.88 
(broad s, 1 H, indole N-H), 7.3-6.8 (m, 7 H, aromatic H's & vinylic H), 4.50 (m, 1 H, 
O-CH), 4.37 (d, J = 10.7 Hz, O-CHja), 4.18 (m, 1 H, N-CH), 4.05 (dd, J - 11.4 Hz, 

10 J = 6.8 Hz, 1 H, 0-CH 2 b), 3.86 (s, 3 H, OCH 3 ), 3.18 (broad d, J = 10.0 Hz, 1 H, 
OC-CH2a-N), 3.04 (broad d, J = 8.1 Hz, 1 H, OC-CH 2 b-N), 2.72 (broad d, J = 5.6 
Hz, 2 H, N-CHja's), 2-55-2.2 (m, 4 H, N-CH 2 b's & N-C-CH^s), L64 (m, 2 H, N-C- 
CH^'s); 13N NMR (75.5 MHz, DMSO-d6) 163.2, 155.5, 136.8, 135.6, 130.9, 
130.1, 128.4, 122.2, 122.1, 119.9, 118.4, 110.5, 110.4, 106.8, 105.5, 73.5, 68.0, 59.2, 

15 55.7, 54.6, 53.4, 51.7, 30.5, 30.4. The hydrochloride salt was prepared by treating a 
suspension of Xlg in methanol with 40% methanolic hydrogen chloride. The salt precip- 
itated as a pale yellow solid, mp approx. 300°C (dec): HRMS, m/e 462.1915 
(CjSH^Os requires 462.1903); Anal. Calcd for C£R 2 6N 4 0 5 HQ 0.5 MeOH: C, 
59.47; H, 5.68; N, 10.88. Found: C, 59.49; H, 5.75; N, 10.98. 

20 Example 8: Preparation of 7H-1 ,4-Dioxino(2,3-e)indole-8-carboxylic acid, 2-((4- 
(ethoxycarbonyl-l-piperidinyl)methyl)-2,3-dihydro-, methyl ester, 
monohydrochloride, Xlh 
A solution of X (291 mg, 0.700 mmol), ethyl isonipecotate (329 mg, 2. 10 mmol), 
and powdered, anhydrous potassium carbonate (482 mg, 3.50 mmol) in dry pyridine (7 

25 mL) was stirred overnight under nitrogen at 75 °C. After cooling to room temperature, 
the black mixture was concentrated invacuo and the residue was taken-up in water (50 
mL) and extracted with ethyl acetate (3 x 20 mL). Hie combined organic layers were 
washed with brine (10 mL), then dried over anhydrous sodium sulfate. After filtration 
and concentration, the residue (applied in dichloromethane) was chromatographed on 20 

30 g of 23CM00 mesh silica gel using 40% ethyl acetate/hexane to give, Secondly was 
isolated 150 mg (53%) of Xlh also as a beige solid, mp 153-154.5°C (benzene). 
Treatment of this material with methanolic hydrogen chloride provided the hydrochloride 
salt as a white solid after recrystallization from methanol/ethyl acetate. For the free- 
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base: R, 0.17 (40% ethyl acetate/hexane); IR (muU) 3341, 2954, 2925, 2855, 1735, 
1687, 1528, 1446, 1257, 1217 cm.,; »H NMR (300 MHz, CDQ 3 ) 9.34 (broad s, 1 H, 
N-H), 7.21 (m, 1 H, vinylic H), 6.90 (m, 2 H, aromatic H's), 4.43 (m, 1 H, 0-CH), 
4.32 (d, J = 11.3 Hz, 1 H, OCH2.), 4.14 (quart, J = 7.2 Hz, 2 H, ethyl O-CHJ, 4.03 
5 (dd, J = 11.3 Hz, J = 6.9 Hz, 1 H, OCH 2 b), 3.93 (s, 3 H, OCH 3 ), 3.05 (m, 1 H, O- 
C-CHja-N), 2.91 (m, 1 H, 0-C-CH 2 b-N), 2.70 (ddd, J - 20.2 Hz, J - 13.5 Hz, J = 
5.7 Hz, 2 H,. N-CHja), 2.35-2.15 (m, 3 H, N-CH 2 b & CH), 2.0-1.7 (m, 4 H, CHja's 
& CH 2 b's), 1.25 (t, J = 7.2 Hz, 3 H, CH 3 ); *3H NMR (75.5 MHz, CDC1 3 ) 175.0, 
162.3, 135.7, 135.5, 133.4, 126.6, 118.9, 117.1, 105.2, 104.3, 71.9, 66.8, 60.2, 58.5, 

10 54.1, 53.1, 51.8, 40.8, 28.3, 28.2, 14.1; HRMS, m/e 402.1802 (CjlH^Qj requires 
402.1791); Anal. Calcd for C^ra^Oa: C, 62.68; H, 6.51; N, 6.96. Found: C, 
62.61; H, 6.70; N, 6.88. For the hydrochloride salt: Anal. Calcd for CjlH^jOc HQ: 
C, 57.47; H, 6.20; N, 6.38. Found: C, 57.14; H, 6.27; N, 6.47. 
Example 9: Preparation of 7H-l,4-Dioxino(2,3-e)indole-8-carboxylic acid, 2-((4- 

15 (ammocarbonyl)-4-(phenylaniino)-l-piperid^ 
methyl ester, XE 

A solution of X (125 mg, 0.300 mmol), 4-anilino-4-carbamylpiperidine (132 rag, 
0.600 mmol), and powdered, anhydrous potassium carbonate (207 mg, 1.50 mmol) in 
dry pyridine (3 mL) was stirred overnight under nitrogen at 15° C. After cooling to 

20 room temperature, the black mixture was diluted with dichloromethane and filtered 
through non-absorbent cotton. The filtrate was concentrated in vacuo, allowing a small 
amount of pyridine to remain. The residue was chromatographed on 8 g of 230-400 
mesh silica gel using 5% methanol/ethyl acetate to give 80 mg (58%) of XD as a yellow- 
brown solid due to bleeding of an unknown dark substance on the column. The material 

25 was recrystallized from methanol/ethyl acetate to give a flocculent, off-white solid, mp 
240-241 °C (dec): R, 0.14 (5% methanol/ethyl acetate); IR (mull) 3314, 2954, 2927, 
2855, 1685, 1655, 1529, 1449, 1264, 1246 cm* 1 ; 1H NMR (300 MHz, DMSO-d6) 
11.85 (broad s, IE, indole N-H), 7.22 (broad s, 1 H, NHja), 7.10 (broad s, 1 H, 
NH 2 b), 7.06 (m, 2 H, meta Ph H's), 6.98 (s, 1 H, vinylic H), 6.92 (d, J = 8.8 Hz, 1 

30 H, aromatic H), 6.87 (d, J = 8.7 Hz, 1 H, aromatic H), 6.59 (m, 3 H, ortho & para 
Ph H's), 4.43 (m, 1 H, O-CH), 4.29 (broad d, J = 10.8 Hz, 1 H, O-CHja), 3.99 (m, 
1 H, O-CHjb), 3.85 (s, 3 H, O-CHj), 2.85-2-3 (m, 6 H, N-CH 2 's), 2.1-1.8 (m, 4 H, 
CHja's & CHVs); 13C NMR (75.5 MHz, DMSO-d6) 179.5, 163.3, 147.3, 136.8, 
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135.7, 130.3, 128.4, 120.0, 118.5, 118.3, 116.5, 106.9, 105.5, 73.5, 68.1,59.6,58.6, 
53.5, 51.3, 50.6, 33.4, 33.0; HRMS, m/e 464.2058 (CjSHjSN^ requires 464.2060); 
Anal. Calcd for C^SH^A: C, 64.64; H, 6.08; N, 12.06. Found: C, 64.47; H, 6.26; 
N, 12.13. 

5 Example 10: Preparation of 7H-l,4-Dioxino(2,3-e)indole-8-cart>oxylic acid, 2,3- 
dihydro-2-((3-phenylpropyl)amino)raethyl)- > methyl ester, monohydro- 
. chloride, XQ 

A solution of X (162 mg, 0.388 mmol) and potassium carbonate (107 rag, 0.776 
mmol) in 3-pheny 1- 1 -propylamine (1.0 mL) was stirred under nitrogen at 75°C for 5 h. 
10 A thick gel developed during this time. After cooling to room temperature, the mixture 
was taken-up in water (25 mL) and extracted with dichloromethane (3 x 10 mL). The 
combined organic layers were washed with water (5 mL) and dried over anhydrous 
sodium sulfate. After concentration in vacuo to remove the dichloromethane, the excess 
of amine was ditilled-off (Kugelrohr) at 80°C and 0.1 mmHg. The residue was 
15 chiomatographed on 20 g of 230-400 mesh silica gel using 40-75% ethyl acetate/hexane 
to give 70 mg (47%) of XJ} as a colorless syrup which solidified to a white solid : 
0.23 (15% acetone/hexane); J H NMR (300 MHz, CDC1 3 ) 9.31 (broad s, 1 H, indole 
N-H), 7.22 (m, 6 H, phenyl H's & vinylic H), 6.92 (d, J = 8.8 Hz, 1 H, aromatic H), 
6.88 (d, J = 8.8 Hz, 1 H, aromatic H), 4.42 (m, 1 H, OCH), 4.30 (dd, J = 11.4 Hz, 
20 J = 2.2 Hz, 1 H, OCTfca), 4.06 (dd, J = 11.4 Hz, J = 7.0 Hz, 1 H, OCH 2 b), 3.92 
(s, 3 H, O-CHj), 2.99 (dd, J = 12.6 Hz, J = 7.0 Hz, 1 H, N-CH^-C-O), 2.90 (dd, J 
= 12.6 Hz, J — 4.6 Hz, 1 H, N-CH 2 b-C-0), 2.69 (m, 4 H, N-CH 2 & Ph-CHj), 1.85 
(quint, J = 7.6 Hz, 2 H, CHj), 1.63 (broad s, 1 H, N-H); l 3C NMR (75.5 MHz, 
CDCI3) 162.3, 141.9, 135.7, 135.6, 133.4, 128.3, 128.2, 126.7, 125.7, 118.9, 117.2, 
25 105.2, 104.4, 73.0, 66.4, 51.8, 49.8, 49.3, 33.4, 31.5. 

Example 1 1 : Preparation of 7H-1 ,4-Dioxino(2,3-e)indole-8-carboxamide, 2,3-dihydro- 
N-(3-phenylpn^l)-2-((^phenylpropyl)amino)methyl)- J monohydro- 
chloride, XDc 

A solution of X (162 mg, 0.388 mmol) and potassium carbonate (107 mg, 0.776 
30 mmol) in 3-phenyl- 1 -propylamine (1.0 mL) was stirred under nitrogen at 75 °C for 5 h. 
A thick gel developed during this time. After cooling to room temperature, the mixture 
was taken-up in water (25 mL) and extracted with dichloromethane (3 x 10 mL). The 
combined organic layers were washed with water (5 mL) and dried over anhydrous 
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sodium sulfate. After concentration in vacuo to remove the dichloromethane, the excess 
of amine was ditilled-off (Kugelrohr) at 80°C and 0.1 mmHg. The residue was 
chromatographed on 20 g of 230-400 mesh silica gel using 40-75% ethyl acetate/hexane 
to give 82 mg (44%) of Xlk as a white, waxy solid: 0.14 (15% acetone/hexane); *H 
5 NMR (300 MHz, CDCy 10.10 (broad s, 1 H, indole N-H), 7.4-7.1 (m, 10 H, Ph 
H's), 6.89 (d, J = 8.8 Hz, 1 H, aromatic H), 6.85 (d, J = 8.8 Hz, 1 H, aromatic H), 
6.75 (d, J = 1.7Hz, 1 H, vinylic H), 6.24 (broad t, J = 5.8 Hz, 1 H, 0=CN-H), 4.39 
(m, 1 H, OCH), 4.29 (dd, J = 11.4 Hz, J = 2.1 Hz, 1 H, OGE^a), 4.05 (dd, J = 
11.4 Hz, J - 7.0 Hz, 1 H, 0-CH 2 b), 3.51 (quart, J = 6.7 Hz, 2 H, 0=CN-CH 2 ), 2.98 

10 (dd, J = 12.6 Hz, J = 7.1 Hz, 1 H, O-C-CHja-N), 2.88 (dd, J = 12.6 Hz, J = 4.7 
Hz,l H, O-C-CH^ly-N), 2.71 (m, 6 H, N-CH 2 & Ph-CH/s), 1.95 (quint, J - 7.3 Hz, 
2 H, O^CN-C-CHa), 1.84 (quint, J = 7.6 Hz, 2 H, CHj); *3C NMR (75.5 MHz, 
CDa 3 ) 161.6, 141.9, 141.2, 135.5, 135.2, 133.0, 130.4, 128.5, 128.3, 126.0, 125.7, 
118.8, 115.9, 104.7, 98.2, 73.0, 66.5, 49.9, 49.4, 39.3, 33.4, 33.3, 31.6, 31.1. 

15 Example 12: Preparation of l,3,8-Triazaspiro(4.5)decan-4-one, 8-((2,3-dihydro-7H- 
l,4-dioxmo(2,3-e)indol-2-yl)methyl)-l-phenyl, Xlm 
Preparation of Xlm is structurally represented in Chart IV. 

Step 1 

A solution of lithium hydroxide monohydrate (190 mg, 4.52 mmol) in water 
20 (7 mL) was added to a solution of IX (595 mg, 2.26 mmol) in methanol (14 mL) 
under nitrogen and the solution was heated at 60 °C for 1 hour. The methanol was 
removed in vacuo and additional water (20 mL) was added to the aqueous remainder. 
The pH was adjusted to 2 with 1 N hydrochloric acid and the resulting thick, white 
precipitate was filtered and washed well with water. After air-drying for some time, 
25 further drying in vacuo gave 540 mg (96%) of XII as a white powder. Recrystalliza- 
tion from ethyl acetate/ethanol/hexane (ethanol was added to a suspension of XH in 
ethyl acetate until a clear solution was obtained, followed by the addition of 1 vol. of 
hexane and subsequent cooling) gave an amorphous white solid. 
Step 2 

30 A round-bottom flask containing solid XH (407 mg, 1.63 mmol) under 

nitrogen was lowered into an oil bath preheated at 240°C. The temperature was 
raised to 257°C and maintained there for 30 min, during which time gas evolution 
occurred. After cooling to room temperature, the resulting resin was dissolved in 
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etbyl acetate, and the solution concentrated in vacuo. The residue was taken up in 
75% ethyl acetate/hexane and chromatographed on 40 g of 230-400 mesh silica gel 
using 40% ethyl acetate/hexane to give 208 mg (62%) of Xm as a near colorless 
syrup: R f 0.23 (40% ethyl acetate/hexane). 
5 Step 3 

p-Toluenesulfonyl chloride (212 mg, 1.11 mmol) was added in a single portion 
to a solution of Xm (190 mg, 0.926 mmol) and 4-dimethylaminopyridine (147 mg, 
1.20 mmol) in dry dichloromethane (9 mL) at 0°C under nitrogen. The cooling bath 
was removed and the solution was stilted at room temperature for 23 hours. The 

10 mixture was transferred to a separatory funnel with additional dichloromethane (IS 
mL) and washed with water (1x5 mL), saturated aqueous copper sulfate (2x5 mL), 
and water (1x5 mL), then dried over anhydrous sodium sulfate. After filtration and 
concentration in vacuo, the resulting greenish solid was adsorbed onto 1 g of 230-400 
mesh silica gel (from ethyl acetate) and chromatographed on 20 g of 230-400 mesh 

15 silica gel using 25-30% ethyl acetate/hexane. The syrup initially obtained was 
dissolved in 60% ethyl acetate/hexane (several mL's) where 200 mg of XIV was 
deposited as a white, crystalline solid, mp 145-145.5°C; the essentially pure mother 
liquor amounted to 90 mg (total yield 87%): R, 0.32 (40% ethyl acetate/hexane). 
Step 4 

20 A solution of XIV (237 mg, 0.659 mmol), l-phenyl-l,3,8-triazaspiro[4.5]- 

decan-4-one (458 mg, 1.98 mmol), and powdered, anhydrous potassium carbonate 
(456 mg, 3.30 mmol) in dry pyridine (7 mL) was heated at 75 °C under nitrogen 
overnight The black mixture was diluted with dichloromethane (1 vol) and filtered 
through Celite, washing the black sludge well with dichloromethane. The filtrate 

25 was concentrated in vacuo (a slight amount of pyridine was allowed to remain), and 
the residue was taken-up in a large volume of dichloromethane and chromatographed 
on 20 g of 230-400 silica gel using 75% ethyl acetate/hexane to give 152 mg (55%) 
of XSm as a yellowed solid; for analysis, recrystallization from ethyl ace- 
tate/ethanol/hexane gave a pale yellow-tan solid, mp 228-230 (dec): R, 0.17 (75% 

30 ethyl acetate/hexane); 2955, 2925, 2854, 1711, 1511, 1497, 1456, 1360, 1236, 1094 
cm 1 ; 'H NMR (300 MHz, DMSO-d6) 10.93 (broad s, 1 H, indole N-H), 8.65 
(broad s, 1 H, lactam N-H), 7.25 (t, J = 7.7 Hz, 2 H, phenyl meta H's), 7.19 (t, J 
= 2.7 Hz, 1 H, vinylic H), 6.86 (m, 3 H, phenyl ortho H's & aromatic H), 6.76 (t, 
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J = 7.3 Hz, 1 H, phenyl para H), 6.65 (d, J = 8.6 Hz, 1 H, aromatic H), 6.31 (m, 
1 H, vinylic H), 4.58 (s, 2 H, N-CH 2 -N), 4.43 (m, 1 H, O-CH), 4.34 (m, 1 H, O- 
CHja), 4.02 (dd, J = 11.3 Hz, J == 6.7 Hz, 1 H, OCH^), 3.0-2.5 (m, 8 H, N- 
CH 2 *s & N-C-CHja's), 1.57 (m, 2 H, N-C-CH 2 b's); >3C NMR (75.5 MHz, DMSO- 
5 d6) 176.2, 143.3, 134.6, 134.4, 132.3, 129.0, 124.6, 118.4, 117.6, 114.2, 112.0, 
104.0, 97.4, 71.4, 66.3, 58.7, 58.0, 57.8, 50.7, 49.6, 28.5; HRMS, m/e 418.2015 
(C*4H 2 6N 4 Q3 requires 418.2005); Anal. Calcd for C^eN^: C, 68.88; H, 6.26; 
N, 13.39. Found: C, 68.60; H, 6.19; N, 13.39. 

The following compounds can also be synthesized using variations on the 
10 Examples described above: 

7H-1 ,4-Dioxino(2,3-e)indole-8-carboxylic acid 2,3,8,9-tetrahydxo-2-((4-oxo-l- 
phenyl-l,3,8-triazaspiio(4.5)^ methyl ester, XIa f ; 

l,3,8-Triazaspin>(4.5)decan-4K>ne, 8^(2,3-dihydro-8-(hydroxymethyl>7H-l ,4- 
dioxino(2,3-e)indol-2-yl)methyl)-l-phenyl-, XII; 
15 7H-l,4-DiOTino(2,3-e)indole-8-carboxylic acid, 2,3-dihydio-2-((4-oxo-l- 

phcnyl-1 ,3 , 8-triazaspiro(4.5)dec-8-yl)methy methyl ester, XIn; 

7H-l,4-Dioxino(2,3-e)indole-8-carboxylic acid, 2,3-dihydro-2-((4-oxo-l- 
phenyl-3-(2-piopenyl)-l ,3, 8-triazaspiro(4 .5)dec-8-yl)methyl)-7-{2-piopenyl)-, methyl 
ester, XIo; and 

20 7H-1 ,4-Dioxino(2,3-e)indole-8-caiboxylic acid, 2,3-dihydn>-2-((4-oxo-l- 

phenyl-3K2^ropenyl>l,3,8^riazaspinK4-5)dec methyl ester, XIp. 
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Formula I Structures - continued 
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CLAIMS 

1. A compound having the structural formula: 



10 




or pharmaceutical^ acceptable salts thereof wherein; 
15 R t is hydrogen, 

Q-Q alkyl, CrQ alkenyl, CVQ alkynyl, 

-CONHRj, 
-CN, 

20 halogen, 
-CHO, 

-(CH^-Ar, or 

25 is hydrogen, 

Q-Q alkyl, CVC, alkenyl, Q-C, alkynyl, 

-(CHj^CQ-O cycloalkyl or cycloalkenyl, or 

-(CH^-Ar where Ar is phenyl, pyridyl, naphthyl, indolyl optionally 

substituted with -OR2, halogen, -CN, -CHO, 
30 -(CH^-Ph, -NOj, -SR 2 or NHR 2 and m is 0 to 6; 

A and B are independently 

oxygen, 

CH 2 or 
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sulfur; and 

a) -CH^CH^-N^ 



b) ^(CH^-1^)<^^ 

10 where R 3 is hydrogen, -CO^, -CONHR 2 , -CN, -NHR 2j 

0 

A 

-CHO, -(CH^-Ar, -NRjAr or -N N and 



R, is hydrogen, Q-Q alkyl, Cj-Q alkenyl, CrQ alkynyl, 
15 -(CH^^Q-Cj) cycloalkyl or cycloalkenyl, 

-(CHjX.-Ar, -CQ^2, -CONHR 2 , -CN or -CHO; or 

20 ' 



2. The compound of Claim 1 wherein A and B are 0. 

25 

3. The compound of Claim 1 wherein R 2 is hydrogen. 

4. The compound of Claim 2 wherein R, is -COjR 2 . 

30 5. The compound of Claim 1 wherein X is 

-CHa-N' 

X^-Ph 



35 
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6. The compound of Claim 1 wherein X is 

-CH 2 -I^ where 



0 

A 

R 3 is -N NH, -NEPh, or -COAH 5 and 



10 



V 



15 



R< is hydrogen or -CONH 2 . 

7. The compound of Claim 2 wherein X is 

Ph 

20 

8. A use of a compound of Formula I for the manufacture of a medicament for 
treating central nervous system and cardiovascular system disorders related to SHT^ 
neuronal activity or dopamine receptor activity comprising: 

administering a therapeutically effective amount of a compound of Formula I 

25 



30 
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or pharmaceutically acceptable salts thereof wherein; 
is hydrogen, 

C r Q alkyl, C 2 -Q alkenyl, Cj-Cg alkynyl, 
5 -CQjR* 

-CONHR 2 , 
-CN, 
halogen, 
-CHO, 

10 -(CH^-OR^ 
-(CH^-Ar, or 

Eg is hydrogen, 

d-Q alkyl, CrC* alkenyl, Cj-Q alkynyl, 
15 -(CH^Ca-Cg) cycloalkyl or cycloalkenyl, or 

-(CE^m-Ar where Ar is phenyl, pyridyl, naphthyl, indolyl optionally 

substituted with -OR^, halogen, -CN, -CHO, 

-(CH^-Ph, -NOfe, -SR 2 or NHR 2 and m is 0 to 6; 
A and B are independently 
20 oxygen, 

CH 2 or 

sulfur, and 

Xis 



25 a) -CH^CHjJu-N' 



30 



35 



b) -CE^CCHa).-!/ 



where R3 is hydrogen, -C0^. 2 , -CONHR,, -CN, -NHR 2 , 

0 

A 

-CHO, -(CHj)u-Ar, -NR 2 Ar or -NN and 

M 
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R4 is hydrogen, Q-Q alkyl, Q-C, alkenyl, Cj-C, alkynyl, 
-(CH^-CCvC,) cycloalkyl or cycloalkenyl, 
-(CH^-Ar, -COjRj, -CONHR,, -CN or -CHO; or 

Ar 



9. The method of Claim 8 where said compound of Formula I is administered in an 
amount of from about 1-2000 mg orally or from about 0.1 to 100 mg parenterally. 



* 
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